A 2-factor of a graph G is a spanning subgraph such that every component of which is a cycle. In particular, a hamiltonian graph has a 2-factor with exactly one component. There are huge results on the existence of 2-factors with a given number of components, mainly on the existence of hamiltonian graphs, see the survey paper [Gould, Graphs and Combinatorics, 2003] .
Some examples of the existence of 2-factors with the number of components more than one have appeared in [Brandt et.al, J. Graph Theory,1997] , [Gould, et.al, Discrete Mathematics, 2001 ], [Kaneke, et.al, Discrete Mathematics, 2002] , [Faudree, et.al, Discrete Mathematics, 2005] .
Early studies of 2-factors centered on the question of existence, often simply a hamiltonian cycle.
More recently the facus in the area of 2-factors has shifted from the problem of showing the existence of a 2-factors with special structural features. (Sauer and Spencer, J. Combinatorial Theory, 1978) Let H be any graph on n vertices with maximum degree ∆(G) ≤ 2. If G is a graph on n vertices with minimum degree δ(G) > 2n/3 then G contains an isomorphic copy of H.
Conjecture 1.
Aiger and Brandt settled the above conjecture with a slight improvement.
Theorem 2.
( Aigner and Brandt, J. London Math. Soc., 1993) Let G be a graph of order n with δ(G) ≥ (2n − 1)/3, then G contains any graph H of order at most n with ∆(H) ≤ 2.
The classic hamiltonian result of Ore is the following.
The following result is a generalization of the above classic hamiltonian result.
Theorem 4. (Brandt, Chen, Faudree, Gould and Lesniak, J. Graph Theory, 1997) A circuit is a connected graph with at least three vertices in which every vertex has even degree. A star is the complete bipartite graph K 1,m . For a given graph G, we say that G has a k-system that dominates if there is a family S of edge-disjoint circuits and stars with at least three edges in G such that every edge of G is either in one of the circuits or stars, or is incident to a circuit in S, where k = |S|.
A graph without any k-system that dominates A graph having a 2-system that dominates
The following result gives a characterization of the graph G such that its line graph L(G) contains a 2-factor with exactly k components. 
Recently Gould and Hynds generalizes above result as follows.
Theorem 8. (Gould and Hynds, preprint, 2005)Let G be a graph with n ≥ 4 vertices and at least one edge. If d(x) + d(y) ≥ n for all edge xy ∈ E(G), then L(G) has a 2-factor with
A nontrivial path is called a branch if it has only internal vertices of degree two and end vertices of degree not two. The length of a branch is the number of its edges. Note that a branch of length one has no internal vertex.
A set B of branches of G is called a branch cut if the subgraph of G obtained from G[E(G) \

B∈B E(B)]
by deleting all internal vertices in any branch of B has more components than G. A minimal branch cut is called a branch-bond. A branch-bond is called odd if it has an odd number of branches. The idea of branch comes originally from [Catlin, et. al, J. Graph Theory, 1988] .
A branch is also called a lane in [Chen and Lai, et. al, 2005] .
while the one of branch-bond is from [Xiong, et. al, Discrete Mathematics, 2002] which has also been applied in [Xiong, et. al, Preprint, 2004] .
Theorem 9. (Choudum and Paulraj, J. Graph Theory, 1991, and , Egawa and Ota, J. Graph Theory, 1991) The line graph of a graph with δ(G) ≥ 3 has a 2-factor. There are many graphs G with an odd branchbond containing a shortest branch of length two but their line graphs have no 2-factor even under the condition that G is 2-connected, see the examples in [Fujisawa, et. al, Preprint, 2004] and [Xiong et. al, Preprint, 2004] , also the following example. A graph G 0 such that L(G 0 ) has no 2-factor However, if every odd branch-bond of a graph has a shortest branch of length two, then its line graph has a 2-factor. We obtain the following result which can be thought the counterpart of Theorem 10.
Theorem 11. Let G be a simple graph of order n ≥ 4 such that every vertex of degree one has an neighbor of degree at least three. If the length of a shortest branch in every odd branch-bond of G whose member is not a pendent edge is two, then L(G) has a 2-factor with at most n−1 3 components.
The upper bound in Theorem 11 is best possible shown in the following figure . 
